However, anthropometric methods are less sensitive compared to complex and technological techniques such as computerized tomography, magnetic resonance imaging or dual-energy X-ray absorptiometry. Nevertheless, because they are simple and inexpensive, anthropometric methods are still preferred for evaluating body composition, especially in studies conducted in large communities. [2] Determining the reliability of these methods is vital for the effectiveness of these studies. [3] Subcutaneous fat tissue comprises 50% of the total amount of body fat. Based on this fact, important information about body composition may be gained from the measurement of skinfold thickness. [4] In some previous studies, ultrasonography (USG) was used for measuring the thickness of subcutaneous fat tissue, and it was reported as a method that provides accurate information on subcutaneous fat tissue thickness. [5] [6] [7] [8] [9] Based on these conclusions, the subcutaneous fat tissue thickness measurements made with USG were accepted as reference
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Materials and Methods
One hundred (50 male, 50 female) participants aged 20-70 years were selected for the study, grouped as 10 male and 10 female participants for each 10 year. Consent was obtained from the participants who were informed about the aim of the study and procedures to be carried out. The height, weight and body mass index (BMI) of the participants are given in Table 1 for men and in Table 2 for women. Anthropometric and USG measurements were made at Pamukkale University Hospital, in the morning hours following 8-12 hour fasting period. Measurements were taken from the right side of the body with the participants standing in an upright positon with their clothes and shoes off. All measurements were performed by the same investigator.
Measurements of skinfold and subcutaneous fat tissue thickness were obtained from seven parts of the body using a skinfold caliper and an ultrasound device.
The sites from which measurements were taken were:
• Submandibular region: under the chin on the median plane 2 cm behind the gnathion Holtain brand pincer type caliper was used to measure skinfold thickness. The skin and subcutaneous fat tissue was pinched with the thumb and forefinger, and lightly pulled away from the muscle tissue in alignment with the natural fold of skin for the measurements. The measurement included the double layer of skin and the subcutaneous fat tissue. At least two measures were made from each region and their average was calculated (Figure 1) . USG measurements were carried out using Logic 500 pro, General Electric, Milwaukee, WI, 6-9 MHz linear array ultrasound device. After placing the probe of the device perpendicular to the skin, the distance between the points where the skin joins the subcutaneous fat tissue, and the subcutaneous fat tissue joins muscle tissue was measured with an electronic caliper. The probe of the device was placed perpendicular to the skin, and the distance between the points where the skin was continuous with the subcutaneous fat tissue, and the subcutaneous fat tissue continuous with the muscle tissue was measured with an electronic caliper. Three measurements were obtained from each region and were averaged (Figure 2 ).
Data was analyzed using SPSS version 10.0 program (SPSS Inc., Chicago, IL, USA). For descriptive analysis the percentages, means and standard deviations were calculated. Paired sample t-tests were used for comparing anthropometric and USG measurements; independent t-test was used for the comparison of measurements for gender, and the relationship between skinfold measurements and USG measurements was evaluated with Pearson correlation analysis. p<0.05 was accepted to be statistically significant.
Results
The skinfold thickness measurements performed with a skinfold caliper and subcutaneous fat tissue thickness val- ues assessed by USG, obtained from each of the seven regions of the individual's body are presented in Table 3 .
Measurements made with a skinfold caliper were found significantly higher than those using USG (p<0.01). When measurements obtained from the same area with the same method were compared among genders, measurements taken from females were found to be higher than those taken from males. There were no significant difference between genders for subcutaneous fat tissue thickness from the submandibular region performed with USG and from the subscapular region with skinfold caliper (p>0.05); however, the differences were significant for measurements taken from all other regions using both methods (p<0.05).
The correlation coefficient values obtained between skinfold thickness measurements taken by skinfold caliper and subcutaneous fat tissue thickness determined by USG are presented in Table 4 , with gender was taken into account. Highly significant correlations were found for measurements from submandibular, triceps, biceps, suprailiac, calf regions, and very high significant correlations were found for measurements from subscapular and thigh regions in males. In females, highly significant correlations were found for measurements from submandibular, triceps, biceps, subscapular, suprailiac, thigh regions, and very high significant correlation was obtained for the measurements taken from the calf region (p<0.05). The results of measurements conducted for all cases were consistent with the results obtained for genders. The statistically significant positive relationship was found to be valid for measurements taken from all seven regions of the body. 
Discussion
There are studies in literature which show that skinfold thickness values obtained from different parts of the body are appropriate for use in determining body composition. [3, 4, 10] The identification of methods for determining body composition, which are proven to be easily applicable, low in cost and reliable, enables body composition to be easily evaluated in clinical settings and to be studied in large groups outside the clinical setting. [11] The measurement of skinfold thickness is one of these methods. Subcutaneous fat tissue comprises 50% of total amount of body fat. According to this fact, information about body composition may be obtained by measuring skinfold thickness. [4] One such study with this aim was carried out by Belbrauet et al. [12] for evaluating the patient's nutritional status. In this study, triceps skinfold thickness was measured in patients and healthy individuals. Triceps skinfold thickness was observed to be significantly correlated to age in both patients and healthy individuals (r=-0.24).
In another study from United States, skinfold thickness measurements from the subscapular and triceps regions were made to determine reference curves of subscapular and triceps skinfold thicknesses, for the identification of obesity among children and adolescents. According to the results of the latter study, the mean subscapular skinfold thickness values were similar for black and white children of both genders within the same age range. Among male children within the age range of 8-14, the mean triceps skinfold thickness values were higher in white children when compared to black children. [13] Similar to these, other researchers also determined body composition by making use of skinfold thickness measures. [14] [15] [16] There are also studies in literature that investigated whether the measured values are valid measures of subcutaneous fat tissue, and thus provide correct information on body composition. The results of the present study investigating the reliability of skinfold thickness measurements are presented in Table 5 , together with the results of earlier studies by Weits et al., [17] Fanelli and Kuczmarski, [18] Kuczmarski et al. [19] The results found by Weits et al., [17] Fanelli and Kuczmarski [18] were lower than those found in our study, with the exception of the results of Weits et al. [17] for the measurement of the skinfold of suprailiac region. Fanelli and Kuczmarski [18] also found that the values in the same way in all regions appears to be lower than those in our study. However, the measurements by Kuczmarski et al. [19] were higher than those in our study. These differences may be due to use of different reference points, or due to different racial characteristics of volunteers or the very various Table 5 Skinfold thickness and subcutaneous fat thickness measurements from the present study and previous studies.
Measurements are in mm, and using a skinfold caliper and USG.
numbers of people participating in these studies. A statistically significant correlation was found between measurements made with skinfold caliper and USG. The measurements obtained using a caliper are higher than those obtained using USG. The cause of this discrepancy is that in measurements conducted by USG only, the thickness of subcutaneous fat tissue is evaluated, whereas in measurements conducted by caliper a double layer of skin is also measured together with subcutaneous fat tissue.
In the studies by Weits et al., [17] Fanelli and Kuczmarski. [18] and Kuczmarski et al., [19] the correlations between measures taken by the two methods are found to be very high and significant in some regions of the body, and high and significant in some other regions.
In the present study, the correlation values between the two methods were calculated to be moderate and significant in the submandibular and subscapular regions, high and significant in the suprailiac region, and very high and significant in the triceps, biceps, thigh and calf regions.
Conclusion
When USG measurements are taken as reference values for the assessment of actual thickness of subcutaneous fat tissue, skinfold thickness measurements performed with skinfold calipers are found to yield to reliable results. Therefore, accurate assessment of body composition can be carried out by measuring skinfold thickness using a skinfold caliper. In cases where the determination of body composition is important as in obesity screening research, the method of measuring skinfold thickness is a non-invasive and cheap method, and its application is easy. This method may be used within the clinic and outside the clinical settings.
